Neuropeptide function in the peripheral and central nervous systems has been described in mammals as well as in insects. We previously reported the cloning of the neuropeptide receptor NKD, a Drosophila melanogoster homologue of the mammalian tachykinin receptors. This receptor is expressed during Drosophila embryonic development and in the adult fly. Use of the NKD promoter region to drive /3-galactosidase expression in transgenic flies reveals a bipartite promoter organisation: the distal region controls NKD expression in neurosecretory cells of the central nervous system during late embryogenesis, whereas the proximal region is responsible for transient expression in peripheral nervous system precursor cells early in development. This early NKD expression, first restricted to the sensory organ precursor cell, an atonal positive cell, is abolished in the ato' mutant. In addition, we show that the proneural protein atonal, in association with daughterless, transactivates the NKD promoter in Schneider S2 cells via the proximal E box NKDE2. Furthermore, heterodimers of atonal and daughterless interact with this E box in gel shift assay.
Introduction
Tachykinins are a family of multifunctional peptides that are implicated in motor, sensory, cardiovascular, respiratory, and gastrointestinal functions in mammals. Biologically active peptides are present in the nervous and digestive systems of insects. Amongst them, tachykinin-like peptides have been isolated and characterised from the brain of Locusta migratoria (Schoofs et al., 1990) . In Drosophila melanogaster several genes encoding a family of neuropeptide receptors have been character&d (Li et al., 1991; Monnier et al., 1992) . The NKD cDNA codes for a G-protein coupled receptor homologous to the mammalian tachykinin receptors. Stable cell lines expressing the NKD receptor are responsive to Locusta migratoria tachykinin II (LTTKII) but not to other peptides of the tachykinin family. We have previously shown that LTTKII transduces its signal through the NKD receptor via the phospholipase C pathway, leading to IP3 production (Monnier et al., 1992) . The IP3 second messenger is used by a range of modulators of cell function, including growth factors, therefore neuropeptides can act as mitogens or trophic factors (Rozengurt, 1992) . NKD could thus mediate neurotransmitter or growth factor functions depending on the timing and site of its expression. Interestingly, the NKD mRNA is detected at early stages of Drosophila embryonic development and reaches its highest level of expression at 12-16 h in a subset of neurons of the central nervous system (CNS) (Monnier et al., 1992) . In the adult, the NKD receptor is expressed in the fly head.
Studies of tachykinin receptor regulation and function in vertebrates is complicated by the coexpression of several neurotransmitter receptors in the same cell as well as by the complexity of the nervous system. In the fruit fly Drosophila, neurogenesis has been extensively studied at the molecular level (Campos-Ortega, 1993; Goodman and Doe, 1993; Jan and Jan, 1993) and
Here we analyse the regulation of expression of the therefore provides an alternative system to investigate neuropeptide receptor NKD. Using the NKD promoter the role of neuropeptides in nervous system driving /3-galactosidase (&Gal) expression in transgenic differentiation.
flies, we show that Drosophila NKD transcription is con- (Monnier et al., 1992) . The transcription start sites located by primer extension and RNAse protection experiments are indicated by arrows. The (+I) is located in respect to the consensus for Drosophila transcription initiation site (Smale et al., 1990) . Sequences that lit the consensus for E-, CAATand TATA-boxes are underlined. Upper case letters are used for exonic sequences (Exon 1). Exon-intron boundary (intron A) was assigned by comparison of the genomic sequence with the NKD cDNA sequence.
trolled by a dual regulatory mechanism: distal regulatory promoter sequences are responsible for late embryonic expression in neurosecretory cells of the CNS, whereas more proximal sequences drive early expression in peripheral nervous system (PNS) precursor cells. Furthermore, the early expression is dependent on the proneural genes atonal (ato) and daughterless (da). These basic helix-loop-helix (bHLH) transcription factors transactivate the NKD promoter in Schneider S, cells via the proximal E box NKDE2. They interact directly in gel shift assay with this E box.
Results

Localisation of the NKD promoter region
The 5'-end of the NKD cDNA (Monnier et al., 1992) was used as a probe to screen a Drosophila genomic library. We selected a positive phage clone containing 16 kb of the region upstream of the AUG, the first exon and 945 bp of the first intron (Fig. 1) . The initiation site of transcription was localised by reverse transcription ( Fig. 2A) and by RNAse protection assay (Fig. 2B ) using adult head RNA. A single cluster of bands, which are obtained after RNAse digestion and reverse transcription, locates the 5 '-end of the NKD mRNA, around 1230 bp upstream of the first intron (Fig. 1B) To investigate the transcriptional regulation of the NKD gene, we initially used the 5 kb proximal 5 ' promoter region to drive the expression of &Gal in transgenie flies using the pCaSpeR-AUG-&Gal P element vector. Embryos of independent transgenic lines containing a single insertion of the 5 kb NKD promoter-@-Gal construct were stained with an anti-&Gal antiserum.
Expression during early embryogenesis is detected by P-Gal staining of transgenic flies and by in situ hybridisation and 4A) . This is characterised by a dynamic pattern starting in a weak staining from stage 10 (according to Campos-Ortega and Hartenstein, 1985) , which represents transiently labelled ectodermal cells (Fig. 3A) , and are engrailed (en) positive as shown by double staining (Fig. 3B ). This is rapidly followed at early stage 11 by stronger expression in a more dorsally located large subectodermal cell, in the three thoracic and nine abdominal segments (Fig.  3C) , at the posterior segment compartment within the en stripe (Figs. 3D-3F ). As judged by its position relative to the tracheal pits (Figs. 3F, Fig. 4C ), this cell seems to correspond to the posterior cell (P cell) of the A37 line (Ghysen and O'Kane, 1989) . This interpretation is confirmed by the colocalisation of the NKD-&Gal positive cell with the first subectodermal Ato positive cell of the dorsal sensory organ precursor (SOP) of the posterior group: as shown by comparing Ato in situ ( Fig. 4B ) and NKD O-Gal ( Fig. 4C ) with NKD/Ato double staining experiments (Fig. 4D ), the only big subectodermal cell, dorsally located between the tracheal pits, is co-labelled. This expression, therefore, corresponds to the precursors of the lateral penta-scolopidial chordotonal (ch) organ in the abdominal segments (Ghysen and DamblyChaudibre, 1993) . Later, NKD+-Gal expression is detected in a small group of subectodermal cells ( Fig.  3E ) protruding at the anterior side of the en stripe (Fig.  3F' ). During germ band retraction, the number of NKD positive cells increases and segmental differences become evident: the NKD expression in Tl differs from all the following segments; A8, A9 differ from all the preceding segments and the dorsalisation in T2-T3 relative to Al-A7 is just beginning (Figs. 3E and 3F') . Therefore, this labelling corresponds to the progeny of the P cell, the lateral cluster of the PNS precursor giving rise to lch5. The complete disappearance of this NKD expression in the PNS precursor takes place at stage 13 before the formation of the ch organs and before the late pattern appears ( and 3H, at embryonic stage 15, P-Gal expression appears to be restricted in the CNS, to 8 discrete cells in the posterior segments of the ventral nerve cord and corresponds to the abdominal segments A5 to A8. This staining, which persists until the third instar larva (not shown), is consistent with the results obtained by in situ hybridisation (Monnier et al., 1992) .
This late expression pattern is lost in flies with con- Fig. 3 . The Ato staining is depicted according to Jarman et al. (1993) ; the NKD, DAB-P, coloration is orange while the double labelled NKD/Ato cell is brown. Bar represents 25 pm. structs harbouring 2.8 kb of the NKD promoter, indicating that it is controlled by sequences located between 5 and 2.8 kb upstream of the transcription start site.
Transgenic flies bearing deletions of the NKD promoter region show that, in contrast, the early pattern remains located in the SOP when O-Gal is driven by only 500 bp of the proximal promoter region. This expression, therefore, appears to be independently regulated from the late CNS pattern.
The prediction that the NKD receptor is expressed in the SOP cells was further tested by analysing the pattern of NKD-P-Gal in selected proneural mutant backgrounds. The P cells are known to express the proneural bHLH proteins Da, Ato , and Asense (Ase) (Brand et al., 1993 ). Therefore, we tested NKD expression in the Df(2R)duKX'", ato', and Df( l)scBs7 mutated backgrounds. The first confumation derives from the fact that NKD+Gal expression is unaffected by the complete absence of the achaete-scute gene complex (AS-C) (Fig. 5A) , which is known not to affect the P cells (Ghysen and O'Kane, 1989) . On the other hand, the expression is completely abolished in the Df(2R)daKX'" background ( Fig. 5B) as well as in the ato' background (Fig. 5C ). In addition, @-Gal expression driven by the 500 bp as well as by the 5 kb NKD promoter sequences is abolished in the ato' mutant (same as Fig. 5C ). These results demonstrate that the NKD expression depends directly or indirectly on Ato and Da.
NKD proximal promoter activation
We further investigated the possibility that Ato regulates the NKD promoter in transcription assays. Using the pCaSpeR-NKD-&Gal constructs, we tested the transcriptional efficiency of the NKD promoter by transient transfection into Drosophila S2 cells and measurement of &Gal activity. The basal transcription from the 5 kb, 2.8 kb, 0.5 kb or 180 bp NKD promoter fragments (white bars in Fig. 6 ) is similar and about twice the background of the pCaSpeR-&Gal alone in S2 cells (Fig. 6A) , indicating a lack of specific transcription factors in these cells. Since NKD expression, in vivo, is dependent on the proneural bHLH Ato and Da transcription factors, we tested their effect on this promoter activity by cotransfection experiments. Transfection of plasmids encoding Ato or Da alone is ineffective (not shown); however, a combination of Ato and Da results in stimulation of the transcriptional activity of the NKD promoter in S2 cells (black bars in Fig. 6 ): about IO-fold stimulation of transactivation is obtained with the 5 kb as well as the 500 bp proximal promoter region (Fig. 6F ). This proximal promoter region contains two consensus sequences for E boxes (NKDEl, NKDE2) (Fig. l) , which are known to bind bHLH factors. We therefore tested their importance in the regulation of transcription by creating deletion of these sequences. A-440 bp deletion, which removes the NKDEl, did not affect the level of stimulation of transactivation by the Ate/Da factors (Fig. 6E) . However, transactivation was nearly completely abolished by a deletion which leaves 180 bp of promoter and removes both the NKDEl and the NKDE2 (Fig. 6B) . The specificity of this effect is confirmed by testing the effect of reinsertion of the Eboxes into this -180 bp minimal promoter: NKDE2 restores the IO-fold stimulation of transactivation by Ato and Da in S, cells (Fig. 6D ) but not NKDEl ( NKDE2 is one single base change (CAAGTG versus CAGGTG), we have to assume that the heterodimer Ate/Da has a strict requirement for the NKDE2 sequence. Together, this demonstrates that the NKDEZ box is able to mediate the transactivation of the ZVKD promoter by Ato and Da. Finally, to confirm the possibility that the NKDE2 sequence interacts directly with Ato and Da bHLH proteins, we used an electrophoretic mobility shift assay. We tested the binding of in vitro translated Ato and Da proteins to oligonucleotide probes containing the NKDE2 box. As shown in Fig. 7 , the NKDE2 box binds specifically Ate/Da heterodimers as well as Da homodimers. The specificity of the complex Ato/Da/NKDE2 is confirmed by its comigration with the complex formed by Ate/Da on the E4 box of the Ase promoter described by Jarman et al. (1993) (not shown). Therefore, the NKDE2 box, located in the proximal promoter region, is able to mediate the transactivation of the NKD promoter by Ato and Da.
Discussion
This study on the transcriptional regulation of a neuropeptide receptor in transgenic flies shows that the NKD promoter is composed of early and late regulatory sequences which direct P-Gal expression in the PNS precursors and CNS, respectively. Interestingly, similar dual promoter organisation is typical of neural precursor genes such as snail and deadpan (Ip et al., 1994) .
The neuropeptide receptor NKD is expressed in the embryonic CNS
The late CNS specific NKD expression is regulated by upstream promoter sequences located between 2.8 and 5 kb. The NKD late pattern of expression is restricted to the CNS in a pair of cells, en negative, in each of the four distal abdominal ganglia (Figs. 3G, 3H) , and is maintained until the third instar larva (not shown). This site of expression corresponds to the neurohaemal area of the ventral ganglion's dorsal sheath, which is known hornhet -. as the release site of several neurotransmitters including serotonin, prothoracicotropic hormone, leuenkephalin, vasopressin, proctolin, cholecystokinin, histamine, and FMRF amide-like peptides (for reviews see Lundquist and Niissel, 1990; NBssel, 1993; Zitnan et al., 1993) . Furthermore, this region is one of the projecting areas of the LTTK immunoreactive neurons recently described in Calliphora vomitoria (Lundquist et al., 1994) . The LTTKs have been shown to stimulate the NKD receptor (Monnier et al., 1992) and to modulate heart contractions in Locusta. Thus, the NKD receptor localisation in the CNS might correspond to neuropeptide release sites which trigger neuro-endocrine effects. The exact role of this receptor in the Drosophila CNS is under investigation.
The neuropeptide receptor NKD is transiently expressed in PNS precursors
Early expression of the NKD gene in the Drosophila embryo is regulated by proximal promoter sequences, and is essentially restricted to a single large subectoderma1 cell within the en stripe. These cells correspond to dorsal SOP of the posterior group. or P cells. They are the precursors of the lateral ch organ in the Drosophila abdominal segments that give rise to the lateral cluster of the PNS. The NKD-B-Gal expression disappears at stage 13, before the ch organs are fully differentiated. Thus, the transient pattern of NKD expression is restricted to PNS precursors. It is interesting to note that the other tachykinin receptor's mRNA is also transiently expressed during Drosophila embryogenesis (Li et al., 1991) ; however, the expression pattern was not defined.
The proneural genes which are responsible for determination of the ectodermal to neural fate comprise (i) the AS-C, coding for the Achaete, Scute, Lethal of Scute, and Ase proteins (Campuzano and Modolell, 1992) , (ii) the ventral nervous system defective gene (vnd) (Skeath et al., 1994) and (iii) the da gene (Cronmiller and Cummings, 1993; Vaessin et al., 1994) . With the exception of vnd, they all encode transcription factors of the bHLH family (Murre et al., 1989 ) which function as heterodimers by binding to the DNA consensus site CANNTG or E box.
Mutants lacking Da fail to develop sense organs (Cronmiller and Cummings, 1993) , and deletion of AS-C removes all external sense organs (Dambly-Chaudiere and Ghysen, 1987; Ruiz-Gomez and Ghysen, 1993) but not the ch organs or a few other peripheral neurons such as the dorsal bipolar neuron (Ghysen and O'Kane, 1989) . Both these structures are absent upon inactivation of the recently identified proneural gene ato, which is required, among others, for ch organ differentiation (Jarman et al., , 1994 .
The NKD promoter sequence controlling this early expression specifically binds to in vitro and is transactivated in transfected cells by the bHLH proteins Ato and Da; the E box NKDE2 located at 327 bp from the transcription start site is required to mediate this effect. In addition, mutation of the are gene abolishes NKD-/3-Gal expression in the P cells (Fig. 5) . However, this expression persists in the absence of the AS-C complex, even though P cells express at a similar time of embryonic development the AS-C protein Ase (Brand et al., 1993) . We cannot exclude that this effect is due to the .lack of segregation of SOP in the absence of Ato (proneural) and to compensation by Ato (pan-neural) in the absence of AS-C. The Ato expression starts at stage 8-9, before any NKD-&Gal staining can be revealed. It is hard to determine if the earliest (stage 10) NKD positive cells are also Ato positive since the Ato proneural cluster shifts ventrally as the P cell SOP delaminates . Therefore, the weakly NKD-labelled epidermal cells detected at this stage could correspond to this ventral cluster. In addition, the transactivation by Ato and the colocalisation of the NKD-&Gal expressing cells with one of the Ato positive cells make probable an in vivo interaction between Ato and the NKD promoter sequence. However, an additional factor is probably involved: only the first Ato positive cell (early stage 11) (P cell) is expressing NKD (Fig. 4) ; therefore, one has to assume that the other SOPS' Ato positive cells, which appear slightly later, have not the competence to express NKD either through the lack of a positive regulator (activator) distinct from Ato or through the presence of a negative regulator (repressor).
3.3. Is the NKD receptor involved in the specification of ch organ precursors?
The question of the role of this transient receptor expression in SOPS remains open. Since mitotic functions have been demonstrated for neurotransmitters and IP3-coupled receptors (Julius et al., 1988; Rozengurt, 1992) NKD receptor could respond to external signals and modulate cell division that occurs in the SOP at a similar time (Bodmer et al., 1989) , or alter the specificity of SOP progeny by phosphorylation of specific transcription factors through protein kinase C. In addition, signalling molecules such as NKD receptor could also be implicated in the movement of the lateral sensory organs to their final position, as well as in the specificity of their neuronal connections as recently shown for the rat substance P (De Felipe et al., 1995) . Since the NKD gene is included in the deficiency Df(3R)cu and since homozygous embryos for this deficiency show abnormal PNS axonal projections (unpublished), it is possible that the absence of the NKD receptor participates in this phenotype.
It remains to be determined to which distinct molecular functions performed by the NKD receptor this dual expression corresponds during PNS precursor development and in the mature CNS.
Materials and methods
Fly stocks and crosses
Flies were raised on standard fly food at 25°C. All stocks are described in Lindsley and Zimm (1992) . Deliciency and mutants listed in Fig. 5 were obtained from Pat Simpson. Balancer chromosomes FM7 PVtz-b-Gal) (Hiromi et al., 1985) , Cyo P(twi-P-Gal) and TM3 Ser P(twCB-Gal) were provided by M. Haenlin.
P-element transformation of flies was performed as described by Spradling (1986) . The P-element helper plasmid was pUCxA2-3 (Laski et al., 1986) . Injected DNA concentrations were 500 ng/pl and 200 ng/pl helper. At least three independent transgenic lines were isolated for each construct.
Homozygous ato ', Df(2R)daKX'" or hemizygous Df(l)scBS7 mutant embryos in Fig. 5 are the progeny of flies homozygous for an NKD-P-Gal reporter construct on one chromosome, carrying the mutation of interest on another chromosome (or by recombination of the reporter with the mutation when on the same chromosome) balanced with the appropriate &Gal-balancerFit47 Pvtz+Gal), Cyo P(twi-&Gal), or TM3 Ser P(twi-P-Gal) -to determine unambiguously the genotype of the embryos. To avoid the possibility that any defect observed in the NKD-P-Gal staining was dependent on the site of reporter construct insertion, each cross was performed with at least two different insertions.
Immunostaining and in situ hybridisations
For immunodetection, polyclonal rabbit anti-&Gal (Cappel) was used at 1:4000 and monoclonal mice antiinvected which recognises en (M. Haenlin) at 1:3. Avidin-biotin amplification was used (ABC Elite kit, Vectalabs) and revealed by the DAB peroxidase method. When necessary, stainings were performed in parallel for the same duration to allow an estimation of quantitative differences in expression.
Digoxigenin labelled ato or NKD cDNAs were synthesised according to the manufacturer's recommendations (Boehringer-Mannheim). Whole mount Drosophila melanogaster embryos were prepared as described by Tautz and Pfeifle (1989) and hybridised at 45°C to the digoxigenin labelled cDNA. After washing at 45°C in PBS-0.1% Tween 20 (PBT), the specific signal was detected with secondary anti-digoxygenin antibody coupled to phosphatase (Boehringer-Mannheim, 112000 dilution).
For double-staining experiments, after visualisation of the in situ hybridisation signal, embryos were washed in PBT, blocked in PBT-10% goat serum and incubated with the rabbit anti-&Gal antiserum. This signal was detected as described above.
Molecular biology techniques
Standard molecular biology techniques were used as described by Sambrook et al. (1989) . The Drosophila genomic library in X EMBL4 (gift from J. Tamkun) was screened with a 32P-labelled, random primed probe derived from the NKD cDNA clone. Three recombinant phages were isolated, subcloned in pBluescript SK+11 plasmid (Stratagene) and sequenced by primer walking on both strands.
The plasmid constructs used for the NKD-P-Gal expression all contain the native leader up to +99 bp (the NKD initiation codon is at + 1047, Fig. 1B ) inserted into the pCaSpeR-AUG-O-Gal vector (Thummel et al., 1988) . The fragment containing the first 5 kb of NKD promoter was directly isolated by BumHI-EcoRI digestion (-5.0; +2.2 kb) from the phage clone (Fig. 1A) and subcloned in pBluescript SK+II. After the deletion of an Mlul-EcoRI fragment (+O. 118; +2.2 kb) (pSKNKDAEcoMlu), a BarnHI-XhoI fragment was introduced into pCaSpeR-AUG-&Gal (NKD-5000-PGal). Double BamHI (-5.0 kb) and BgnI (-2.8 kb) digestions deleted 2.2 kb from the 5' promoter (NKD2800~&Gal). The BarnHI-AvaII deletions (-5.0; -0.5 kb) produced the NKD-500~&Gal construct. To generate the NKD-440~&Gal and the NKD-180~&Gal, shorter promoter fragments were amplified by PCR with primers from the position -440 or -180, respectively, to position +99. These primers each contain 28-30 nucleotides of NKD sequence, as well as EcoRI-XhoI sites at their 5' ends. The amplified DNA fragments were digested with EcoRI and XhoI, cloned into the same sites of the P element vector and sequenced.
Oligonucleotides (30-mer) corresponding to the NKDEZ and NKDEl regions (see below) were ligated to linearised NKD-180~&Gal to give NKDEZ-180~&Gal or NKDEl-180~&Gal constructs, respectively, and the constructs were verified by DNA sequencing.
The cDNA encoding ato was amplified by PCR and subcloned in pBluescript SK+II. Vectors for the expression of protein in Schneider S2 cells were made by introducing the coding sequence into the pPaC expression vector (Krasnow et al., 1989) . The cDNA encoding Da was a gift from L. Rue1 and M. Bourouis.
Primer extension and RNAse protection
The primer extension experiment was performed as described by Rosa et al. (1983) . The 32P-end labelled oligonucleotide (ACACCGTTAGTTGGCAACAAT CTT) complementary to the NKD 5 '-end cDNA sequence was mixed with 100 pg of adult Drosophila head total RNA or yeast tRNA (control) in hybridisation buffer (10 mM Tris-HCl pH 8. 3, 50 mM KCl, 6 mM MgCl,), boiled for 3 min and slowly cooled to 48°C. Extension was performed by addition of AMV reverse transcriptase (50 U, Bethesda Research Laboratories), 4 dNTPs (0. 5 mM each), and incubation was for 1 h at 48°C. The reaction was stopped by the addition of 25 mM EDTA and 100 mM NaOH (95°C 2 min). The size of the extended products was determined on a polyacrylamide gel by comigration with a sequencing ladder.
RNAse protection assay was performed according to Melton et al. (1984) ; 100 rg of total RNA isolated from adult Drosophila head or yeast tRNA (control) was hybridised to a 32P-labelled riboprobe synthesised from NKD genomic fragment by in vitro transcription of the pSKNKDAEcoMlu construct.
DNA transfection and transient expression assays
Cultured Drosophila S2 cells were grown in monolayer in modified Schneider's media (Gibco) supplemented with 10% foetal calf serum, 50 U/ml penicillin, and 50 U/ml streptomycin. Transfections were performed by the calcium phosphate precipitation technique, essentially as described by Martin and Jarry (1988) . Each transfection included 0.30 pg of each bHLH expression vector (or for transfections lacking bHLH factor, 0.30 pg of pPaC vector), 5 pg of the NKD promoter+Gal, and 2 rg of the pcop2CAT plasmid as an internal control (see below). The total amount of DNA was adjusted to 10 &lo' tells/90-mm culture dish by addition of pBluescript SK+11 as carrier. After 20 h incubation with the DNA precipitate, the cells were washed with PBS and supplemented with fresh medium and incubated further for 30 h before &Gal quantilication. Variations in transfection efficiency were corrected by measuring CAT activity from the cotransfected plasmid pcop,CAT: protein extracts were assayed for CAT activity using a non-chromatographic method (Sleigh, 1986) and variations were used to normalise &Gal activity. A fraction of the supematant cell lysate was used to quantitate the P-Gal activity (Gorman et al., 1982) which was expressed as OD 420 nm/min using arbitrary units (level 100 for &Gal reporter without promoter sequence) as presented in Fig. 6 . Relative &Gal activity is the average of values measured in triplicate (error bar represents standard deviation). Similar results were obtained in at least three separate experiments.
4.6. Electrophoretic-mobility shift assays DNA binding experiments were performed essentially as described by Van Doren et al. (1991) . In vitro synthesis of mRNA was performed using 3 kg of hnearised template DNA per 50 ~1 reaction buffer, following the manufacturer's recommendations (Promega). RNAse was quantified by gel electrophoresis. Labelled protein products were monitored by SDS-PAGE. In each case the major labelled species migrated with an apparent relative molecular mass consistent with the predicted protein sequence. The synthesised proteins were stored at -80°C in 10% glycerol. Probes were prepared from the following synthetic oligonucleotides:
The two strands were end-labelled separately using y3*P-ATP (ICN) and T4 polynucleotide kinase, annealed and purified using a G25 Sephadex spin column. DNA binding reactions consisted of 14 ,uI of translation lysate, 1 ~1 of probe (0.5 ng at lO'counts/min per pl), 0.5 ~1 of 1 mg/ml poly(dI-dC) (Sigma) and 2 ~1 of reaction buffer (0.1 M Tris-HCI pH 7.5, 10 mM DTT, 10 mM EDTA and 280 &ml denatured salmon sperm DNA). The different translation products were mixed and preincubated for 15 min at 25°C. The remaining components were then added and the mixtures incubated for an additional 40 min at 25°C. The reactions were electrophoresed on 0.5 x TBE/4% acrylamidel 0.2% bisacrylamide gels for 3 h at 100 V. The specificity of the complex was confirmed by comparing its migration on the same gel with that observed using the AseE site with Ate/Da heterodimers .
